In this paper we aim to explain the distribution of red-breasted geese Branta ruficollis over different nesting habitats. To be safe from land predators red-breasted goose colonies were restricted to i) islands on rivers, ii) cliffs with peregrine falcons Falco peregrinus, and iii) the close proximity of snowy owl Nyctea scandiaca and rough-legged buzzard Buteo lagopus nests. Among years nest site availability varied by fluctuations in numbers of owls and buzzards in association with cycles in lemming abundance, but the total number of goose nests found in the study area did not vary. The distribution of geese, in combination with data on reproductive success, suggested a despotic mechanism: at cliffs, goose numbers were constant among years with an invariably high reproductive success, whereas large fluctuations in numbers on islands coincided with opposite trends in success. Apparently, geese nesting with owls or buzzards moved to the few islands present in the study area during years when these birds of prey were absent. Consequently, in such years the average density of geese on islands was more than twice as high as at cliff colonies (5.4 and 2.3 pairs per ha of foraging habitat, respectively). Colony size at cliffs may have been restricted by territorial behaviour of the geese, though there is evidence that, additionally, the host falcons also limited the number of nesting geese. Apparently rare in closely related species, we observed a negative density-dependent effect on reproductive success during the nest phase, and attribute this to limited food resources, reinforced by the high frequency of territorial interactions. This leads to the conclusion that, in addition to predation pressure, nesting density is an important agent in the link between lemming cycles and goose breeding success.
Introduction
Understanding breeding habitat selection has traditionally been an important issue in population ecology (Lack 1954 , Newton 1998 . The 'ideal free' and 'ideal despotic' distribution theories (Fretwell and Lucas 1970) provide approaches that can be used as a guideline to interpret the distribution between habitats. Important assumptions of the ideal free distribution are that individuals have perfect knowledge of the habitat that gives the highest reproductive success, that they are free to move to any habitat and that all individuals suffer any density-dependent effects equally (Fretwell and Lucas 1970) . One such effect sometimes observed among birds is when high densities impair reproductive success. The theory predicts that all individuals are distributed so that they enjoy a similar reproductive success. In contrast, the theory of ideal despotic distributions assumes individual variation in the ability of obtaining resources. The best competitors are assumed to occupy the most favourable habitats resulting in differences in average reproductive success among habitats (Bernstein et al. 1991) . Ideal free and despotic distribution theories thus provide different predictions, which allow the main factors determining the distribution over different habitats to be identified (Sutherland and Parker 1985, Sutherland 1996) .
In this paper we examine the distribution and reproductive success of red-breasted geese Branta ruficollis. Their breeding distribution across the Siberian tundra is notable for two reasons. First, being the smallest goose species in the region, and lacking the cryptic coloration of other related species, the red-breasted goose is particularly vulnerable for predators like arctic foxes Alopex lagopus. Hence, the need for safe nesting areas constrains the number of potential colony locations (Dementiev et al. 1952) . The geese mainly use three colony types that are thought to meet this criterion: cliffs with peregrine falcon Falco peregrinus eyries, sites close to snowy owl Nyctea scandiaca and rough-legged buzzard Buteo lagopus nests, and islands on rivers (Cramp and Simmons 1977, Quinn et al. 2003) . The first two types are thought to be safe because the birds of prey exclude predators from the immediate area around their own nests (Krechmar and Leonovich 1967) , even if sometimes the geese pay costs because of the aggressiveness of their hosts (Quinn and Kokorev 2002) . The second salient feature of red-breasted goose distribution is the annual fluctuation in the availability of safe sites. Even though peregrine falcon eyries and islands are permanently available to the geese, owls and buzzards are only present once every three years when lemmings are abundant (Potapov 1997 , Quinn et al. 2003 . Due to these large and regular fluctuations in available nesting locations, the red-breasted goose provides a good model species to study factors that determine colony type selection, colony size and the distribution of geese on the breeding grounds.
Using the predictable reduction in the number of suitable nest sites for red-breasted geese in non-peak lemming years, when owls do not breed, we tested the key prediction of the ideal free distribution that colony size should increase both at cliffs and on islands in such years. We also tested if there was any evidence for despotism, as would be suggested by asymmetries in reproductive success among habitats. First, we tested if the reproductive success of red-breasted geese performed in a density-dependent way by comparing reproductive success and number of breeding pairs for separate colony locations over the years. As food is among the major resources constraining populations in the models considered above (Newton 1980), we asked if food availability determined colony size and if the behaviour of host falcons was also likely to be important. Finally, we explored the implications that nesting near raptors has on food availability to redbreasted geese. We did this by comparing the nesting density and energetic requirements of red-breasted geese with raptors and on islands to those of other closely related species in a comparative analysis.
Methods

Study area
This study was conducted along the valleys of the Pura and lower-Pyasina Rivers, and of their tributaries, in central Taimyr, Russia (centred at 73ºN 86ºE, Fig. 1 ). Five locations were selected for detailed observations on goose foraging behaviour. Two were located on islands; the others were situated on 10-30 m high cliffs on the river banks ('the mainland') where the geese nested in association with peregrine falcons. 
Density-dependent reproductive success
Colony size
Goose colonies were surveyed using a boat in the years 1995-1999, as detailed in Kokorev and Quinn (1999) . For logistical reasons it was not possible to check all river stretches in each year. To avoid bias in the analysis of number and size of colonies, observations were restricted to the range that was covered in at least three years. For the same reason, one of the years when an important part of the range could not be visited (1998) was excluded from analysis. Here the term 'colony' describes a site where at least one pair of geese nested. In addition to those on islands and on cliffs associated with peregrine falcons, we also distinguished colonies with snowy owls or rough-legged buzzards (buzzards hereafter), which were usually on flat ground along the riverbanks but occurred generally only in peak lemming years.
Lemmings
As in many parts of the northern hemisphere, the abundance of Siberian lemmings Lemmus sibiricus and collared lemmings Dicrostonyx torquatus in Taimyr follows a cyclic pattern (Rykhlikova and Popov 2000) . Annual abundance was assessed following the scale of Kokorev and Quinn (1999) , ranging from very numerous to almost absent. For further analysis, years were grouped into peak (1996 and 1999) and non-peak lemming years (1995 and 1997) .
Colony habitat
Throughout most of the incubation period, three vegetation communities were important to the geese (Prop and Quinn, unpublished): i) one dominated by Equisetum arvense occurring on sheltered river banks; ii) one with a variety of graminoids and herbs in a zone along the river-banks; iii) one composed of a large variety of herbs and some grasses, found on the slopes of cliffs. Most of the remaining tundra was unattractive to redbreasted geese. To assess the total area of foraging habitat available at different colony locations, these plant communities were mapped in the field. Only areas within a radius of 1.5 km from the colony were included, as incubating geese rarely flew further than this, suggesting that this was the maximum foraging range. Mapping was time-consuming and, therefore, was conducted only for the five intensively studied colonies. Goose densities were calculated as the number of breeding pairs divided by the total area of foraging habitat.
To further explain variation in colony size at cliffs, the following features were also assessed at all colonies visited in 1999:
• Foraging conditions in the colony, as estimated by the proportion of the area covered by vegetation on the face of the breeding cliffs. Direct observation showed that incubating geese foraged extensively in the immediate area around their nests (the third vegetation community type above).
• The relative aggressiveness of individual pairs of peregrine falcons was measured by recording their territory defence behaviour when a decoy (domestic dog) was kept at a set distance (15-20 m) from the nest, as detailed in Quinn et al. (2003) . The number of times the falcons stooped at the dog during a 2 min trial was recorded.
Ingestion rates
Ingestion rates were determined to provide a measure of foraging conditions in the intensively studied colonies. Rates were derived from estimates of dropping production and digestibility of the food:
where IR = ingestion rate (g dry weight per min), W = dry weight of dropping (g ash-free), Int = interval between successive droppings (min), Dig = digestibility of food ingested (proportion of ash-free dry weight, based on acid detergent fibre (ADF) as a natural marker (Robbins 1993) , and Ash Food = the average ash content of the food plants (proportion of dry weight). The correction for ash content is required to express ingestion rates on a dry matter basis and facilitates comparison with other studies. Dropping intervals were recorded for males only, as feeding recesses of females were usually too short to record intervals. We assumed that ingestion rates based on males' dropping intervals reflected the foraging conditions for females. Throughout the incubation period, dropping and plant samples were collected from major foraging areas. Samples of separate plant species ranged in dry weight from 5 to 15 g. The number of fresh droppings found for each sample varied from 5 to 25. Samples were dried to constant weight at approximately 60ºC and stored for later processing. In the laboratory, absolute dry weights of dropping samples were determined, which gave the average dry weight per dropping. The diet composition associated with each of the dropping samples was determined by microscopic analysis of epidermis fragments (following Prop and De Vries 1993). Samples of droppings and plants were ground to pass a sieve of 1 mm, and were analysed for ADF (Goering and Van Soest 1970) and ash (by incinerating samples at 500ºC).
Reproductive success
As a measure of reproductive success, we used the number of young hatched per nest as estimated by the product of clutch size and nest success, each on the basis of averaged values per colony location and year. Colonies were visited in the goose's incubation period (usually early July) to determine clutch size, and again after hatching (late July to early August) to determine nest success. Nests were classified as successful when eggshell fragments with internal membrane were present (Quinn and Kokorev 2002) . Various sources of bias could have affected the results. First, clutch sizes were recorded approximately 2-3 weeks before hatching, and we did not account for partial loss of eggs or predation of goslings before departing from the colony. Geese nesting on islands were most likely to suffer from these sources of loss due to the presence of Taimyr gulls Larus fuscus taimyrensis on the islands. Therefore reproductive success may have been overestimated for pairs on islands relative to those on cliffs. Secondly, gosling mortality after colony departure was not accounted for. However, we expect no differences associated with colony type in survival of goslings after departing from the colonies, as broods from different colony types used the same foraging areas on river banks, usually several km from the nest locations, and brood rearing conditions were similar to all goslings.
Breeding densities: a comparative analysis
To evaluate breeding densities of red-breasted geese, observations were compared with data for other goose species. For the purpose of comparison, differences in the energetic requirements of geese during incubation were accounted for. We focused on colonial breeding species in order to avoid complications when dealing with different nest distribution patterns. Most species feed within the boundaries of the nest territory during the egg stage, and density is inversely related to territory size. Red-breasted geese and barnacle geese use, in addition to the nest territory, a shared foraging area in the wide surroundings of the colony (this study, Prop et al. 1984 ) , and average territory size was calculated from the summed area of the colony and the shared foraging habitat. The total amount of energy, which must be obtained from food ingested per pair (EP), was estimated as
where DEE = daily energy expenditure was estimated after Afton and Paulus (1992) . Inc = duration of the incubation period in days was derived from Owen (1980a) . Store = energy derived from body stores was calculated from the daily body mass loss during incubation (various sources in Afton and Paulus 1992) and energy density of the tissue (25.9 kJ g -1 , Gabrielsen et al. 1991) . When not available, body mass loss was interpolated on the basis of a regression model with body mass and recess times as independent variables (based on data in Afton and Paulus 1992).
Statistical analysis
Cliff and island colonies usually occurred in the same general location between years. To avoid pseudoreplication, repeated measures tests were used, or colony location was included as a factor in statistical tests. Variables were transformed to stabilise variance, where appropriate. Variation in colony size with lemming abundance was tested by taking maximum numbers of breeding pairs for peak and non-peak lemming years at each colony location. The relative importance of colony features was explored by regressing colony size on stoop frequency and vegetation cover in a stepwise forward procedure (Norusis 1993). Density-dependence in reproduction was analysed by comparing variation in reproductive success to colony size within localities between different years using ANCOVA. Only locations with multiple records were selected for the analysis. Concurrently, lemming year type and colony type were added to the statistical model to test within-and between-location effects, respectively (Norusis 1993). In the comparative analysis, due to the small sample size (n=7) we had to assume that data for individual species were independent and, therefore, used standard regression techniques. Values are given as mean ± standard deviation (SD).
Results
Variation in abundance and size of colonies
The total number of colonies did not vary by lemming year type or colony type (χ 2 =0.43, not significant), although colonies on islands tended to be slightly more numerous during non-peak years (Table 1) . Colonies associated with snowy owls and buzzards occurred almost exclusively during peak lemming years (Quinn et al. 2003) .
Colony size was on average 3.8±4.6 pairs (n=110). Geese breeding at cliffs and on islands responded differently to lemming abundance (significant interaction term between colony type and lemming year, Table 2 ). During non-peak years, cliff colony size was slightly lower than in peak years, whereas on islands geese were more than three times as numerous. The total numbers of nests observed in peak and non-peak lemming years, colonies with snowy owls and buzzards inclusive, did not differ (on average, 71 and 70 pairs respectively, (F 1,2 =0.0, n.s.). This suggests that geese switched from snowy owls and buzzards to breeding on islands during the years when their hosts were absent. 
Density-dependent reproductive success
Density and food availability
Colony size was positively related to both vegetation cover and the territory defence intensity of the host falcons when the two variables were tested separately. Vegetation cover showed the best fit (Fig. 2) , whereas the partial correlation coefficient of stoop frequency (after adjusting for vegetation cover) appeared not significant (0.39, t 12 =1.35). So it seemed that food abundance at the cliff, rather than the aggressive behaviour of the falcons, affected colony size. At the intensively studied sites, the maximum number of breeding pairs observed over the years was positively related to the area of foraging habitat available (F 1,3 =44.0, P<0.01). The maximal goose densities on islands (5.4 pairs ha -1 in non-peak lemming years) were on average more than twice as high as at cliffs (2.3 pairs ha -1 in peak lemming years) (F 1,3 =21.1, P<0.02). Densities in the opposite years were 2.15 pairs ha -1 (-7% relative to the maximal densities) and 1.25 pairs ha -1 (-77%) for the cliff and island colonies, respectively.
Density and ingestion rates
Ingestion rate varied between the five intensively studied colonies (Table 3) . Variation was mainly caused by differences in dropping weights, while differences in digestibility were not significant. Dropping intervals averaged at 7.41 min (±1.76, n=23), and were assumed to be constant among colonies (F 1,21 =0.97, P>0.05, comparing two of the colonies). Large variation in dropping weights in contrast to relative constant dropping intervals is concurrent with patterns observed in barnacle geese, in which dropping output among habitats differed by variation in mass of droppings and not by dropping intervals (Prop and Black 1998). Average ingestion rates were negatively correlated with goose densities (Fig. 3) , suggesting that foraging efficiency was affected in a densitydependent way. 
Density and reproductive success
The reproductive success averaged across all localities is summarised in Table 4 . In nonpeak lemming years, reproductive success was lower than in peak years, most noticeably on islands (the colony type × lemming year type interaction was significant). After adjusting for lemming year and colony-type effects, reproductive success was negatively related to the number of pairs breeding in a colony (Fig. 4) . The slopes of the regression were similar for the two colony types (-0.40, Table 4 ), and show that reproductive success fell by 25% when goose numbers doubled. Of the variation in reproductive success within colony locations, 10% was due to colony size effects, the remaining variation was associated with lemming year type and colony type (58%), or remained unexplained (32%).
Is red-breasted goose distribution ideal free?
The average reproductive success per colony type in peak and non-peak lemming years is plotted against density (Fig. 5) . Reproductive success was similar at the two colony types during peak lemming years, even though densities at cliff colonies were higher. Observations conform to the theory of an ideal free distribution, which predicts that animals should adjust their density between habitats of different quality such that all achieve similar reproductive success (Milinski and Parker 1991). Table 4 . Fig. 4 ). The goose distribution was despotic, with large numbers nesting on islands in non-peak lemming years resulting in low reproductive success. In non-peak lemming years reproductive success was lower than expected on the basis of nesting density alone which was attributed to a higher predation pressure.
How were geese distributed when the number of potential competitors aiming to nest on islands or at cliffs increased because locations with owls and buzzards were unavailable in non-peak lemming years? Using the reproductive output during peak lemming years as starting points, predicted reproductive success as a function of density is given by the dotted lines (Fig. 5) , where the slopes are derived from the model summarised in Table 4 and Fig. 4 . If geese were distributed in an ideal free way in non-peak years, as they were in peak years, a proportionately similar increase in density could be expected in both habitats (Sutherland 1983) . This was not the case because geese on islands occurred in much higher densities than expected and concurrently suffered lower reproductive success (Fig. 5, solid line) .
Densities in colonial geese: a comparative analysis
How did red-breasted goose breeding densities relate to those reported in other goose species? In a between-species comparison, breeding density and the amount of energy required during incubation were negatively related (Fig. 6) . Densities of red-breasted geese appear to fall well within the trend generated by the other species.
Discussion
Distribution: ideal or despotic? Red-breasted goose distribution between nesting habitat types was strikingly different between years. In peak lemming years, the average reproductive success was similar on 148 islands and at cliffs with raptors suggesting that the geese distributed in a way consistent with an ideal free distribution. In the absence of snowy owls and buzzards in the intervening non-peak lemming years, however, many geese nested on islands, even though the reproductive success of geese nesting at cliffs was higher. Thus the prediction of the ideal free distribution that individuals should distribute themselves so that average reproductive success was similar between habitats was not met in these years. Below we discuss why red-breasted geese were apparently distributed in a despotic way in non-peak lemming years.
The assumption of perfect knowledge of all alternative breeding sites is unlikely to be upheld in nature generally (Parker and Sutherland 1986) , and thus it is tempting to suggest that red-breasted geese nesting with snowy owls or buzzards in peak lemming years were less effective in detecting peregrine falcon cliffs in non-peak years. We believe that this is unlikely, however, because early arriving red-breasted geese at peregrine eyries were highly vocal which should have greatly facilitated their detection by other geese. It is more likely that individuals were not free to move to peregrine cliffs in non-peak years because cliff sites were monopolised by dominant territory holders. The red-breasted geese were territorial throughout laying and incubation (Prop and Quinn, MS) and, coupled with the finding that falcons effectively protect an area of probably no more than 200 m from the eyrie (Quinn and Kokorev 2002), territorial behaviour could indeed limit the number of pairs nesting at falcon cliffs. Similarly, the observation that numbers and reproductive success were constant at cliff colonies, in contrast with the islands, supports the hypothesis that geese were distributed in a despotic way. We Fig. 6 . Breeding density of arctic-nesting geese related to the amount of energy that has to be derived from food ingested during incubation (y= 7.9-279(1/x)+3436(1/x) 2 , F 1,4 =208.5, P<0.0001). 1=pink-footed goose Anser brachyrhynchus (Gardarsson 1976 , Inglis 1977 , 2=lesser snow goose Anser c. caerulescens (Finney and Cooke 1978) , 3=greater snow goose Anser caerulescens atlanticus (Lepage et al. 1996) , 4=Ross' goose Anser rossii (Gloutney et al. 2001) , 5=barnacle goose Branta leucopsis (Prop and De Vries 1993) , 6=dark-bellied brent goose Branta b. bernicla (Spaans et al. 1993) , 7=light-bellied brent goose Branta bernicla hrota (Madsen et al. 1989). 149 speculate that cliffs with peregrines were occupied only by the best competitors, whereas individuals not able to settle at cliffs found a second-choice location on islands.
Apart from the limitation of colony size by territorial actions of the geese, host falcons could also have played a role in regulating colony size. Falcons may face a tradeoff between the advantage of an early-warning system provided by the geese on approaching predators (Nuechterlein 1981 , Burger 1984 and the disadvantage of their presence attracting predators (Curio 1976 , Groom 1992 . For the falcons there may be an optimal number of goose pairs nesting around the eyrie. Red-breasted geese were attacked frequently by their host falcons, resulting in risks of forced nest desertion for geese (Quinn and Kokorev 2002) . However, the risk of desertion was highest among nests closest to the eyrie suggesting that these attacks are simply territorial in function. Nevertheless the idea of falcons regulating goose colony size warrants further investigation.
The observed despotic distribution may not have been caused by intraspecific and interspecific territorial effects alone. Benefits associated with returning to the same habitat each year may have also played a role. Individual specialisation within populations is widespread among birds, ranging from food type selection by morphometric adaptation (as in oystercatchers Haematopus ostralegus, Safriel (1985)), or choice of species to parasitize (cuckoo Cuculus canorus, Brooke and Davies (1988) ). We predict that individual geese specialise in the host species they select and that those nesting with snowy owls in peak lemming years also nest on islands in non-peak years by default. Because red-breasted geese were frequently attacked by their hosts, specialising may make them more efficient and skilled in avoiding the attacks of their particular host speEarly in spring, the availability of food on the tundra is low, and is therefore rapidly depleted. cies which are likely to employ different strategies when attacking. If true, this means that geese are not free to move to any colony, as severe costs may be associated with choosing a new host. Though many other examples of nesting associations exist, redbreasted geese are unique within the guild of avian herbivores by being specialists in exploiting raptor nest defence (Quinn 2000), and we postulate that they are further divided into individuals specialising on different hosts during the nest stage.
Density-dependent reproductive success
Food is one important potential agent underlying any density-dependency in reproductive success (Newton 1998). In our study species, there was a general match between colony size and local food stock (either expressed as total foraging area available or as proportional vegetation cover of cliffs). We also found a negative relationship between food intake rate and goose density, and though the consequences of foraging conditions on reproductive success require more study (Prop and De Vries 1993) , there is probably a causal link between goose density, foraging conditions and reproductive success.
There is little evidence for density-dependent effects on reproductive success during the egg phase in other goose species, in contrast to the pre-fledging period when density-dependency is strong (Williams et al. 1993 , Larsson and Forslund 1994 , Loonen et al. 1998 , Drent et al. 1998 like in altricial species (e.g. Wiklund 1982) . Clutch size in lesser snow geese was negatively correlated with colony size, though nest success was not (Cooch et al. 1989) . However, the effect on clutch size was attributed to food competition during spring migration rather than on the breeding grounds. Similarly, nest success in barnacle geese in the temperate Baltic and in arctic Spitsbergen did not decrease with growing colony size (Larsson and Forslund 1994, Drent et al. 1998) . Bêty et al. (2001) reported nest success in greater snow geese to be positively density-dependent. However, they provided evidence that this relationship resulted from a confounding effect of the timing of egg laying. Red-breasted geese may thus be exceptional among geese in having a relatively strong negative density-dependent reproductive success during the nest stage. The stronger density-dependent reproductive success in red-breasted geese could potentially have been induced by higher nesting densities, but this is refuted by the data in Fig. 6 , which showed that red-breasted geese occurred in densities that were comparable to those of other goose species. Alternatively, we suggest that red-breasted geese invest more in territorial activities than other goose species. Where geese usually stop territorial behaviour soon after settling (Owen 1980a), intra-specific conflicts persisted in red-breasted geese throughout the incubation period, which included lengthy flights along the territory boundaries (Prop and Quinn, MS). Thus, the density-dependent reproductive success may be, in part, a direct consequence of additional energetic costs imposed by territorial behaviour.
Density-dependence and lemming cycles
Several arctic-breeding bird species, not directly dependent on lemmings, show a cyclic pattern in annual reproductive success that fluctuates with lemming abundance (Summers 1986 , Ebbinge 1989 . The alternative prey hypothesis has been much emphasized in explaining this synchrony, where predators switch to alternative prey when their preferred food is absent (Summers and Underhill 1987, Bêty et al. 2001) . Similarly, we found that reproductive success in red-breasted geese was highest when the abundance of lemmings, the preferred prey of arctic foxes, was high but that foxes probably switched to feeding on alternative prey like the eggs of geese when lemmings were scarce. Together with the absence of breeding territories of owls and buzzards as safe places to nest (Kokorev and Quinn 1999, Bêty et al. 2001) , the higher predation pressure probably explained why more red-breasted geese moved onto islands in non-peak lemming years. The low number of islands suitable for goose breeding made the geese cluster in large aggregations. Our observations agree with earlier studies (Summers and Underhill 1987, Bêty et al. 2001 ) that predation pressure and the availability of raptors, in conjunction with lemming cycles, were important determinants of annual variation in reproductive success (Table 4) . On the other hand, the alternative prey hypothesis does not clarify why, in years with low predation pressure, red-breasted geese dispersed from river islands to raptors, as each of the nesting habitats was safe from predators. We believe that the density dependence detected in this study provides an explanation for the dispersal. The geese realized a higher reproductive success in smaller colonies, and nesting near raptors thus facilitated the escape from dense colonies. The closely related brent goose seems to follow a similar strategy by moving from large colonies on offshore islands to small aggregations close to snowy owls during peak lemming years (Spaans et al. 1993 , Summers et al. 1998 .
To conclude, our data suggests that red-breasted goose distribution across nest habitats is despotic and that cliffs with falcons are preferred over islands. The precise mechanisms remain to be elucidated but here, and in previous papers, we have identified foraging conditions, the availability of raptor nests and the behaviour of the raptor hosts as key factors. The widely scattered nests of raptors have provided red-breasted geese with a network of safe nesting places that has allowed them to escape the negative density-dependent effect on reproductive success of larger colonies on islands.
